The effect of growth rate on the rate of glucose utilization has been examined with a sporogenic and a weakly sporogenic strain of Bacillus shbtilis by means of the continuous culture technique. Cultures were grown aerobically on a mineral salts medium with glucose as the carbon and energy source. During both nitrogen and L-tryptophan limitation, the rate of glucose consumption (milligrams of glucose per hour per milligrams of cells) decreased when the growth rate was decreased. The coupling between the rate of glucose disappearance and the growth rate was estimated as 76 to 86% during nitrogen limitation and as 60 to 78% during tryptophan limitation. Sporulation had no detectable influence on the coupling.
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Little is known about the regulation in bacteria of reactions which supply the biosynthetic machinery of the cell with precursors, energy, and reducing power. It has been established that the activity of isolated enzymes is modulated (2) , but it is still not certain that the products of catabolism are supplied only as rapidly as required to meet the biosynthetic demands of the cell.
Literature concerning the regulation of catabolic pathways has been reviewed by Gunsalus and Schuster (5) and by Senez (11) . They concluded that energy-yielding metabolism is not controlled by the rate of cell synthesis. Rosenberger and Elsden (10) grew Streptococcus faecalis anaerobically on rich medium in a chemostat and found that decreasing the growth rate depressed the growth yields and that it did not affect the rate of glucose utilization.
On the other hand, Ierusalimsky (8) observed that the rate of sucrose consumption in pHlimited continuous cultures of Azotobacter vinelandii decreased when the growth rate was reduced. Neidhardt (9) has demonstrated, with continuous cultures of Aerobacter aerogenes grown aerobically on a minimal medium, that the rate of utilization of histidine or of glucose as the sole carbon and energy source was determined by how fast the cells were permitted to grow. A 70% coupling was reported. Neidhardt also presented evidence that the observed coordination of biosynthesis and utilization of histidine resulted from a catabolite repression of histidase at slow growth rates.
It became necessary in our studies of sporu- The medium was pumped to the growth chamber by a Sigmamotor model AL-2 peristaltic pump or a Beckman Accuo-Flo-Pump (piston type). The flow rate for a given setting varied less than 0.8%. The Beckman pump was preferred for slower flow rates. After delivery to the growth flask, the medium was dispersed in the culture in less than one second by the mixing provided by the sparging of air and the use of a magnetic bar. Changes in pH of the effluent medium were at a maximum of i 0.5 units.
The inoculum (5% v/v) was transferred to a prewarmed growth flask and allowed to reach a steady state arbitrarily defined by the maintenance of a constant population density and a constant glucose concentration. Cultures were checked periodically for purity by standard microscopic and plating methods. No culture was maintained longer than 2 weeks to avoid significant genetic alteration of the organisms.
Measurement of growth. The specific growth rate of the chemostat culture, ,u, is expressed as the ratio of the volume (milliliters) of medium flowing into the flask per hour to the total volume of medium contained within the growth flask (7) . Volumes of the continuous culture vessels used varied between 150 and 160 ml. Table 1 ).
It was necessary to show that the observed relationship was not caused by a special effect of nitrogen limitation on glucose consumption. Consequently, the same strains were employed to study the effect of L-tryptophan-limited growth on the rate of glucose utilization (Fig. 2) .
The Belaich et al. (3) have shown that the rate of glucose utilization by Zymomonas mobilis and a petite strain of Saccharomyces cerevisiae is proportional to the glucose concentration at low glucose concentrations. The steady-state glucose concentration in the effluent medium of our cultures was several times higher than the range reported in which the rate of utilization depended on the concentration.
The data presented here are at least superficially contradictory to the demonstrations by Rosenberger and Elsden (10), Forrest (4) , and others that the rate of catabolism is not tightly coupled to the rate of anabolism. These workers examined the coupling of energy production to the rate of energy utilization by employing anaerobic conditions and a nutritionally rich medium so that glucose was used solely as an energy source. Neidhardt (9) has suggested that the requirement for adenosine triphosphate (ATP) during growth on a nutritionally complete medium has necessitated the observed looseness of coupling. Our experiments, on the other hand, required B. subtilis to use glucose aerobically as both a carbon and an energy source.
B. subtilis behaves similarly to A. aerogenes when it is cultured aerobically on a minimal medium (9) . Neidhardt (9) found evidence for excreted polysaccharide at slow growth rates and postulated that carbon assimilation or the formation of inactive byproducts could account for the 30% uncoupling he observed. The 70% coupling he reported for A. aerogenes during growth on arginine-or sulfate-limiting medium is less than we have found with B. subtilis, especially during nitrogen limitation. We have made no attempt to analyze the growth medium for by-product accumulation or the cells for storage products. It should be pointed out, however, that B. subtilis, unlike many other Bacillus species, does not assimilate carbon as poly-,B-hydroxybutyric acid.
